fru+ cells results in sex-specific differences in behaviors will be important, as will studies that further define and solidify the predicted connections between fru+ neurons. Excitingly, the fru FLP transgenic strain also will allow scientists to analyze the functions of subsets of fru+ cells, which will provide novel insights on a molecular-genetic and neural circuit level regarding how complex behaviors are specified.
Host Defence: Getting By with a Little Help from Our Friends
Insects deploy cellular and humoral defences to defend themselves against pathogens and parasites. The recent discovery that fly defences are commonly supplemented by inherited protective microbes suggests that symbiont-mediated protection is common. Resistance evolution may have a more complex dynamic than previously described.
Gregory D.D. Hurst* and Kate J. Hutchence
Insects and other arthropods have very diverse interactions with bacteria that have long been known to go beyond pathogenesis. It is likely that over 60% of arthropod species carry inherited bacteria -symbionts that pass from a female to her progeny. The most prominent of these inherited bacteria belong to the genus Wolbachia, but bacteria involved in these symbioses are actually highly diverse [1] . In 2003, Oliver and colleagues [2] demonstrated that such bacteria could form the primary means of defence of aphids against attack by parasitic wasps. Since this study, it has been recognised that aphids are host to a diverse range of inherited bacteria, at least three of which have now been shown to protect their host against wasp and fungal attacks [2] [3] [4] , and, moreover, that these bacteria represent the most important line of aphid defence against an invading enemy. Until recently it might have been possible to discount symbiont-mediated protection as largely an 'aphid thing'. Whilst there were examples of other cases in the literature [5] , studies of the genetic basis for natural enemy resistance concluded that determinants of resistance or 'resistance genes' were located in the nuclear genome. However, recent work [6] [7] [8] [9] on several species of flies of the genus Drosophila has overturned this view. Whilst possessing an endogenous immune armoury, Drosophila in nature are also commonly defended by protective symbionts. Symbiont-mediated protection in Drosophila was discovered when it was found that Wolbachia infection in Drosophila melanogaster conferred strong tolerance to RNA virus infection [6, 7] . More recently, two new studies [8, 9] have demonstrated natural enemy protection in other Drosophila species, associated with the presence of Spiroplasma. Spiroplasma are wall-less bacteria that are very common in arthropods and can commonly be seen in their thousands in the hemolymph, the insect's blood equivalent. They protect Drosophila neotestacea against the effects of nematode infection [8] (Figure 1 ), and Drosophila hydei against attack by parasitic wasps [9] . Spiroplasma infections may in fact be quite common in the genus Drosophila, as a screen for Spiroplasma infection revealed 7 of 19 field-collected Drosophila species to be infected [10] . Whilst this survey was limited in breadth and contained species known to be infected before the study, it nevertheless enforces the view that Spiroplasma-mediated protection may be common in this genus.
The results for Drosophila are likely to hold true across arthropods and inherited symbionts in general -there is no reason why either Spiroplasma or Drosophila should be special in this regard. A sceptic would argue that if symbiont-mediated protection was that common, it would have been discovered much earlier. However, studies on the genetic basis of enemy resistance and susceptibility have often utilized acclimated laboratory cultures. Transfer to the lab, and release from natural pathogen pressure, is likely to lead to the loss of many of the protective symbionts. There are three reasons to believe this. First, Drosophila from stock centres carry Spiroplasma more rarely than those collected from the field [10, 11] . Second, Drosophila cultures spontaneously lose Spiroplasma infection in lab culture (our own, unpublished observations). Third, population cage experiments on aphid secondary symbionts have demonstrated that these symbionts decline in frequency in the absence of the natural pathogen [12] . Thus, at the point of conducting an experiment on a laboratory-acclimated population, the component of resistance encoded by symbionts may simply be no longer present.
In retrospect, it seems not all that surprising that such protective microbes should exist. Insects commonly possess one or more types of inherited microbes [1] . When a bacterium is inherited, its transmission and fitness depend on the fitness of its host. As microbes are generally very good at killing things, symbiont-mediated protection is an obvious pathway for improving the host's fitness. Many of the bacteria are found free in the hemolymph or in circulating hemocytes and they might change their behaviour to pathogenesis when, for instance, swallowed by an invading parasitoid larva or nematode. This thesis is supported by the genome content of protective bacteria such as H. defensa, which commonly encode a variety of exotoxins and secreted effectors characterised previously from pathogenic relatives [13] , and where protection ability, like classic pathogenicity, is carried on phage elements [14] .
If symbiont-mediated protection is really that common, how does it change our view of insect-natural enemy interactions beyond the mechanistic basis of defence? Some aspects of protective symbionts will appear very familiar to host-parasite biologists. Jaenike and colleagues [8] present evidence that Spiroplasma-mediated protection of D. neotestacea against nematodes is rapidly spreading in nature -it was probably absent or rare as little as thirty years ago. However, it is likely that symbiont-mediated traits will have a different evolutionary ecology than nuclearly encoded resistance as symbionts can be transferred laterally between individuals and species [15] . Indeed, the protective Spiroplasma symbionts in D. hydei and D. neotestacea have a history of lateral transfer -the two bacterial strains are very similar genetically, but their host species are evolutionarily quite distant [16] . Unlike mutations in nuclear genes that produce resistance to pathogens, symbionts can move from host species to host species regularly, commonly carrying their protective functions with them.
Lateral transfer is a form of mutation -a heritable genetic change. Yet, it is dissimilar from the mutations we are used to in studies of eukaryotic evolution -although very familiar to students of microbial pathogenicity and adaptation [15] . First, a new symbiont infection represents a complex assemblage of genes that arrives in a new host as one package, which may have already been protecting its previous host species. Thus, whilst the trait of protection will have evolved gradually in a symbiont over time, substantial protection of a particular host can arise instantaneously following transfer between species. Thus, the nature of the trait encoded and the magnitude of the selective coefficient are likely to be different from those of 'normal' mutations'. Second, the 'mutation rate' will be different. For lateral transfer, the mutation rate is the rate at which an individual lacking a particular symbiont is infected through lateral transmission. This is not to say, as claimed by some [17] , that laterally transferred traits such as those encoded by symbionts are non-Darwinian; it is simply a comment that the two basic parameters determining the pattern and tempo of evolution through natural selection -the mutation rate and the distribution of the selective coefficient -will differ between symbiont-mediated and nuclear encoded resistance.
One other parameter that is likely to differ between symbiont-mediated resistance and regular defences is the cost of protection. In the case of symbiont-mediated protection, the host carries a standing army of bacteria that is likely to draw energy and metabolites from it. This cost of infection probably accounts for the decline in protective symbiont frequency in lab culture in the absence of the natural enemy. If they are generally more costly than other forms of resistance mutation, then they may be even more spatially and temporally dynamic than 'classic' resistance genes.
There is much to be learnt about protective symbionts -from mechanistic questions through a detailed dissection of how the evolutionary ecology of host parasite interactions is altered when resistance is encoded by a laterally transmitted bacterium. It will be particularly interesting to know if existing immune defence systems evolve in response to the presence of protective symbionts. Classical defences may evolve to directly accommodate symbionts, or reduce in capability because they have become functionally redundant. In either case, a protective symbiont may, by defending against one enemy, lead to the emergence of increased threats from others. Auditory Neuroscience: Balancing Excitation and Inhibition during Development Two recent studies have described how the coupling of excitatory and inhibitory inputs to neurons in the auditory cortex changes during development. This process is driven by experience and, once complete, may limit the plasticity of the cortex in later life.
Andrew J. King
Human auditory perceptual abilities mature over different timescales depending on which aspect of hearing is considered, in some cases not reaching the levels seen in adults until several years after birth. Consistent with this is the finding that many of the response characteristics of neurons recorded in animals change during development, although the rate at which they mature depends not only on the property in question, but also on the level in the auditory pathway and the species in which this is examined [1, 2] . While previous research has focused on the use of extracellular recordings of spiking activity to investigate the developmental emergence of auditory representations in the brain, two new studies [3, 4] have provided intriguing insights into this process by using in vivo whole-cell recordings to characterize the maturation of excitatory and inhibitory synaptic inputs to neurons in the primary auditory cortex (A1).
A universal feature of A1 neurons is that they are tuned to particular sound frequencies. This tuning originates in the biomechanical properties of the basilar membrane in the inner ear and is conveyed -via the receptor hair cells -through successive stages of the central auditory pathway. But the properties of A1 neurons are determined not only by their thalamic inputs, but also by the circuitry of the cortex itself and, in particular, by intracortical inhibition [5] .
Previous whole-cell voltage-clamp recordings from A1 neurons in adult rats used different holding potentials to measure excitatory and inhibitory synaptic currents. These conductances are largely matched in amplitude and exhibit similar frequency tuning, with inhibition following excitation after a delay of a few milliseconds [6] [7] [8] [9] . It is easy to see how inhibitory inputs might sharpen the frequency selectivity of cortical neurons -either by simply reducing the excitatory response across the full span of frequencies so that a more restricted range induces suprathreshold activity [7, 8] or, if inhibitory tuning is slightly broader than excitation, by exerting a relatively larger effect on the flanks of the excitatory tuning curve [9] . Because cortical inhibition also appears to
